HY5600
TEC Controller

Subminiature Controller for Thermoelectric Coolers

The HY5600 is a subminiature proportional temperature |
controller for thermoelectric coolers (TEC). This device is in- H
tended for “cool only” fixed temperature applications where N
front panel controls and digital readouts are not required. o
The HY5600 operates in conjunction with a thermistor ~|
bridge to precisely measure and regulate the temperature of q‘
a device affixed to a TEC. With proper heat sinking, this de- E
vice will sink up to 2 Amperes of current and will operate at a E
supply voltage up to 12 Volts. H
Features:
Maximum ratings: <+ Proportional/lntegral (PI) control
Rating Symbol Value Unit 4 Small size
Supply Voltage Voo +20 Volts DC <+ Drive currentto 2 amps
Supply Voltage 2 ((Voltage on Pin 8) Vs +12  Volts DC + Operation to 12 volts
Currgnt Sink B Is 2.5 Amperes + Control =55°C to ambient ~
Maximum Power Dissipation Pwmax 6 Watts - 8
4+ Temperature stability to 0.01°C r
4+ Thru-hole or surface-mount packaging E
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v O 8 | close to the TEC as possible in order to
Is = 4AN 25vO— 2 5 av0|d_ thermal lag. In addition, the
+1.25V > : thermistor should be attached to the
THERVISTOR INTEGRATOR 125vO— @ device being cooled with a good thermally
BRIDGE AMPLIFIER VO VR ENT I conductive epoxy or thermal compound.
: POWER STAGE g This material should be electrically
nonconductive. E
y
Theory of operation q
The HY5600 TEC controller consists of a thermistor bridge ture. The resistance of the thermistor is therefore ;
amplifier, an integrator/gain stage and a voltage-to-current less than the temperature set resistor. This causes i
converter power drive stage. This s illustrated in the simpli-  the current sink to turn on to its maximum pro- 8
fied schematic diagram for the HY5600 in Figure 1. The grammed value. This maximum current is set with E"
thermistor bridge precisely measures the temperature of a resistor Rc. The HY5600 will continue to sink maxi- G
device attached to a Thermoelectric Cooler (TEC). The mum current until the programmed temperature is

bridge is balanced when the thermistor value is equal tothe  reached. The current will then decrease to the value
value of the temperature set resistor (Rs). When power is required for maintaining equality between the ther-
first applied to the TEC, the temperature of the device at- mistor and the programming resistor (Rs).

tached to the TEC is higher than the desired set tempera-
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Description of the HY5600 pin outs

e Temperature Set Resistor Rs (Pin 1 to Pin 5)

The temperature set resistor for the HY5600 controls the
temperature at which the TEC will operate. When the cir-
cuit has stabilized, the resistance of the thermistor will
be equal to that of the set resistor Rs. For example, if a
Dale 10KQ thermistor is used as the temperature sens-
ing device, a set resistor of approximately 56KQ will set
an operating temperature of —10°C. A graph of Rs vs. set
temperature is shown in figure 4 when using a Dale
1M1002 thermistor.

e Thermistor, RT (Pin 4 to Pin 5)

The thermistor should be located in close proximity to
the device being cooled. It should be in good thermal
contact with this device to avoid stability problems.

The HY5600 has been designed for a negative tem-
perature coefficient thermistor. A thermistor with a posi-
tive temperature coefficient can also be used if the
position of the temperature set resistor and temperature
sensing resistor is changed.

e Gain Set Resistor, RG (Pin 3 to Pin 4)

The ratio of the gain set resistor RG to RL controls the re-
sponse time of the servo loop. A ratio that is too large
can cause slow response and a ratio that is too small
can cause loop instability. A 1OMQ resistor, which is in
parallel with RG is internal to the HY5600. In many
cases, an external resistor (RG) is not required.

e Loop Stability Network, RL and
CL (Pin 2to Pin 3)

The Rc time constant of these two components is a first
approximation of the thermal time constant of the servo
loop. The thermal time constant of the combination of the
device being cooled, the thermistor, and the TEC can be
approximated by applying constant power to the TEC
and measuring the length of time it takes to reach 66%
of its final temperature.

For example, if the thermal time constant was ob-
served to be 5 seconds, then a 1uF capacitor and a
4.7MQ could be chosen as the loop stabilizing compo-
nents. Typical values for loop compensation components
are shown in Table 1.

Note: The values of RG, RLand CL are generally selected
by experiment. CL should be a low leakage
nonpolarized capacitor.

e Current Limit Resistor, Rc (Pin 1 to Pin 2)

This resistor limits the maximum current that the
HY5600 can sink. This feature will prevent damage to the
TEC during turn-on. If the supply voltage for the TEC
does not exceed the maximum TEC voltage, then this re-
sistor may not be needed. Figure 5 shows the approxi-
mate values for Rc required to program a desired turn on
current.

e Voo (Pin 6 to Pin 10 ) +7 < Voo < +20 Volts

This input supplies the voltage to the internal circuitry of
the HY5600. The maximum current drain at this terminal
is S5mA.

e Thermoelectric Controller, TEC (Pin 8) +3< Vs
< +12 Volts

Pin 8 connects the TEC to the programmable current
sink in the HY5600. The other lead of the TEC is con-
nected to + Vs. At turn on, the current into Pin 8 is maxi-
mum if the temperature of the sensing thermistor is
greater than the programmed set temperature. This maxi-
mum turn on current can be limited by Rc. Once the TEC
reaches its set temperature, the current through the TEC
will drop to exactly the value required to maintain the cor-
rect set temperature.

Ideally Vs is no more than 1.5V higher than the Vmax
of the selected TEC. Setting Vs higher than this can
cause excessive heating of the controller.
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HY6500 CURRENT SOURCE CHARACTERISTICS

CONSTANT

ON RESISTANCE / POWER & WATTS
Sk Figure 2 illustrates the characteristics of the
HY5600 current sink. It also illustrates the unsafe
_\ operating area where the power dissipated in the
20T device exceeds the maximum 6 Watt rating for

this device.

UNSAFE
OPERATING
AREA

Note that the resistance of the current switch is
approximately one ohm when the current switch is
saturated.

AMPERES

CURRENT THROUGH CURRENT SINK

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
VOLTS

FIGURE 2 VOLTAGE ACROSS CURRENT SINK
PIN 8 TO GROUND (PIN 10)

Figure 3 illustrates the locus of operating
current and voltage for two different TECs.

DETERMINATION OF THE

HY5600 OPERATING Example 1:
POINTS USING LOAD LINES A supply voltage of 5 Volts was chosen for use
with the ITI Ferro Tek Model 6300/018/018A
1 LOAD LINE FOR A TEC. This device is rated for a maximum current

ITI Ferro Tec MODEL

6300/018/018A TEC (1.5 Q) of 1.8 Amperes at a maximum allowable voltage

of 2.7 Volts. This is a load resistance of
approximately 1.5 ohms. The intersection of the
1.5 ohm load line and the HY5600 current
source characteristics defines the locus of
operation voltage and current for both the
HY5600 and the TEC. In this application the
current was limited to 1.8 Amperes by proper
selection of Rc.

20 T

UNSAFE
OPERATING

AMPERES
5
|

Example 2:
T/ \ ML GO MODEL A supply voltage of 12 Volts was chosen for the
f \ y's P OAs BB TR Melcor FC 0.45-66-05 TEC. This device has a
- maximum rated voltage of 7.98 Volts at a current
I R \ T R .\. I of 0.8 Amperes. A load line for this device is
001 2 3 4 5 6 7 8 9 10 11 12 13 14 15 also shown on the plot.

CURRENT THROUGH CURRENT SINK

VOLTS
VOLTAGE ACROSS CURRENT SINK Note that the power dissipated in the HY5600
PIN 8 TO GROUND q
never exceeds the 6 Watt maximum power
dissipation.

FIGURE 3
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TEMPERATURE SET APPROXIMATE VALUE OF CURRENT
RESISTOR Rs LIMIT SET RESISTOR Rc
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FIGURE 4 FIGURE 5 AMPERES
MECHANICAL DIMENSIONS THERMAL TIME
CONSTANT
T (SECONDS)
RL CL Rg
CLEARANCE SLOT ALUMINUM 1 10MQ | 04pF | 100KQ
FOR A 2-56 SCREW PINS UP VIEW BASE 2 20MQ | 0.1pF to
2 PLACES 0.020 3 3MQ | 1.0 pF| 10MQ
S |gm| ik
Y Q Oy
IDENTIFIER
0.050 15 15MQ | 1.0 pF
l DOT \ @ X 20 20MQ | 1.0 pF

T PIN1 O 10 TABLE 1

2 HYTEK 0o

3 HY5600 fs 0500 0700 0.0
XXX L, NOTES:

BeO 1. Make certain the heat sink to

f 9 06 which the HY5600 is mounted is

4

flat and clean, otherwise the
LEADS ON @—— ceramic substrate may break.
0.100
CENTERS ~—
<« o00s0 2- Use a thermal compound such
0.200 > as Dow Corning 340 between
| 0.040 the HY5600 and the heat sink for
0400 good thermal conduction.
< > 0.210
DATE < 0.700 > MAX.
CODE Specifications subject to change
without notice.
——0.500
9300 All dimensions are in inches
Figure6 [ —
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